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(54) JOINT DETECTION METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a joint detection 
method for a receiver in a communication system of a 
CDMA type. 

SOLUTION: In this joint detection method, a signal 
transmitted by a transmitter and inputted in the form of 
vector (x) in a communication system is calculated from 
a series of signals which are received from the 
transmitter of the communication system and inputted in 
the form of vector (y), a series of characteristics of the 
communication system which are inputted in the form of 
matrix A and a series of expected noise characteristics 
which are inputted in the form of vector (n). The said 
calculation step includes a step where an inverse matrix 
M-1 of matrix M, i.e., a function of the system matrix A 
is calculated and a step where a series of received 
signals (y) are multiplied by a matrix that is obtained 
from the product of the matrix M-1 and a conjugate 
transposed system matrix A+. In the said calculation 
step of the matrix M-1, the Cholesky conversion is 
carried out into a triangular matrix U or L. 
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Atr^J A <7)#«:$sjt * x Atf JO A + <b btl 
tz'<m\mrtZ>*T y ft KrtEfrMMWiStTJfl 
M" ■ fc*fcfc», i~ 5 * r y Xfi, Sft tm U Xli L ^ * 



7 



S<SaKi 



E 



/ 

H&<z>£fl{i^y jtftffiigfif^JM- 1 kwffiis J*?t 
*U A a>*«(EB isx?J*?fWA* km&frh # b ixfcff 

WEtT^JM^fflfir^jM- 1 ^fttlta^fyyil H^tf 
ft k \m $ nMHEH^ fir 0Jtf> WiMtStf) Sffl Sr»»f*»t 

x©»0©fiic»LT»SEofT*rm*u *fca«wis 
[M*«3] waas*i±. ?aaEwtT^-» 

* £#m i: 1" 6 iff l Xtt 2 fEft^^Tfc 
[»*«4] WK»»«, 

MOMW*o|(»ttK»Lv^t«r«ai:+6ll»*iB3 

[«*«5] SftESHStt, -ttfJffij&S, «ffi(OtT<0-xit 

fil ©ft L v ^ £ "T 5 3 tSiffieo^ 

ft. 
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HftfiSilfS" ^ A tBSHMfcU: «fc o X»« £ ftfcffi^- £g 
ttEflr*«r*ffli-*fc»^ M*EiA>feB*iH6*X* 

[0 0 0 1 J 

[«w©jai-aa«»»l r©«wtt, cdma (cod 

70 e Division Multiple Access : ^-^SI^tcSc^) 
[0 0 0 2] 

DMAtt«t:«fifLrv>s. rnboafit rsi&Sfc& 

[0 0 0 3] Lri»U afiflf^ft^MA I (Multipl 
e Access I nterference : £7c8£$x4 7 3iT u 

tra^oa«, io»u<ttiPiafl:jM»='-Kfl!)S'fr-e 

50 [0 0 0 4] Bill, v^a-f > HfttH*jfe«rffi^l1-5C 
DMA fi<{-?<nm&i/x9J*<»Ty7\)^9 0*5* jut: 
KDv-^rAll i 0k(k=l^f>K) OiSff 

7. h 9 s k (Or- ^ d k trSff +5 «t ? 

nx^^, rtuxmbo^-^iid^lxH 

x N k}x^^tt, ::t v xMia— ffk^j:oriS« 

ISl Ok^jol^X, a—- tf k<?)7- ^ d h !4^-t*^2 0 

fcfiSQbTy hw»«3-KcM^ffi*LX^5o #^ 
t*A^2 0fctt, h k X7^$tlfcB^^, Bc = l/TcX^£ 

MltbWo ^9 LX7 r -^fi^^^^2 0k -caw 
*f" + *^2 0 kO^^«h fc. 
^(C, To 1^ Ut ^BQICJ: o XZt SOfflRS ixfc Lfi 

[0 0 0 5] ^^Xtiili, a««^J:oXS{S$*ifc 
{s-^y^r-f^ v^a> (NxQ + L-i) co-i^ h/u 
50 y i:j:oTr<t:^m, lor^vyaywll 
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tlhr-t * >i?3> (NxQ + L-1) <7X^ h/WnUl 

t?*>a. ftor, ftcoj; 5i-»< 

y = A x + n 

x=[x 1 i t x 2 i x K i x'h, X 2 N 

x k m](±, y=[yi 

xi*. a yN.ou-il*. aHMH£J:o-CSMS*Lfc« 

^-"C&*), n = [ni nN.o n H. d+l-i I3c v f ; J*2HI 

• ;<< fcjrtfAii, rV^^v^s 

V (N. Q+L-l) X (K. N) O'fT?iJT-fc£ 0 
[0 0 0 6] AijT*$ix5ffWA©ftS«tt, 

£ft* 0 h^Wi, h k a k=1 KfcU 

*fc, t-^k©#M3-KCS^^ c k = 

[c K i, c k 2 c k oj v k=1 K£-f£ a ft<D-£ s 

i =Q. (n — 1 ) + w 

j =k+K (n-1) -C*>S Q 
[0 0 0 7] CDMA^-f^OM^^Att, 

Ai.j=bV II-Ck= 1...K. n= 1... N N 

^irjtw=i...o+L-i-e*>9, Ai.j = o-c4*t*itf, 

CL^IC b h = c k *h k = [b k i. b k 2 

b k o + L-i] v ::T'k = l...K-C$)6 0 
[0 0 0 8] kl^oTi£{i ZMtT—tVm 

a-i-stai^ 1 9 9 4^iEEE*cj:or/iiiis$ttfc r^r- 

Klein, G. K. Ka I eh*S * t>*P. W. Ba i er K X o T B^t* $ ftfc 

i9^3^^w, s««3 0rtmfT-e#5o 
[0009] at>»^3>fyFft«it &Hi 
ft-^y> ^^^^fT^JA^ict/y-rX-i^ ^;^n^^^l 

[0010] hvu y , firMAteil*'** h/Un^K 

ffffi^ft Id <fc o T £ 5, d^lff $ Jit V * S C t iCftjg U 
itJiffftbftv\ lot, :wBWCov>-c{lS5>45 

looii] ■i^fBiii(>^o*ca<ti-a s s-f-+ 

[0 0 1 2] ift^fcl^av^tfyu^ F/WxW* 
Hftftlf£&G>-O0)3KfB (criteria) <?:>j*}C0-o 
L, -*^*5^r-fefn . 7*- (Z F : ze 
ro forcing) T'^l3, ftk^iC^t^T rflr/j%r.*¥i$l£ 
£lj (MM S E : Minimum MeanSquare Error) 
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x = (A* A) -'A*y x 

x = (A + A+a 2 I) " } A + y 

( i immt a 2 i±y>fx^ h^n^Ksont 

[0 0 13] »W»a9 0»»(C*JPT % 

[0014] mfe©*iiik©j:5ic»< w <tt>-e# 

10 So 

x =M~ 1 A 4 y 

[0 0 1 5] ff#o< t£oT. ;:<05t<7>fl¥ 
*S^©^xxAtf^i]A + <t^^rAtf^JAirWSIA* • 

AIC«Ll*2K ^fctt^ifeilteB^^^Aff^JA* * y-f 
^Afi^jA^OSlA* - A+ct 2 ] I^UWj^^-ftV^ 
[0 0 1 6] fif?ijM#JL/us— b (Herraitian) ft^'J-C 

. fT^JMIt, =iu**>f -7/^!jX^ (Cholesky 
algorithm) <t Lr#» Zti&T/u=nj XAte ioT, 

m=u* • u, 

JO M=L-L* 

[0 0 1 7] L/j>U fir^JM^iSefT^Ittx *oi8^*t 
<fth'Pl&ft:^ix5o -*-«c*3*>, iBfTMM-'AsaimjiJU- 1 ^ 

t\ 

m-^u- 1 (U"M \ 

*>aifMi#SMMTai ( L" 1 ) ^tiBfirWL-'fcOSt 

M-i= (l-») * L" 1 

[0 0 18] U«9«ff9Wftlc«Kft'>ftff>mF«r4JK 
tt, Kttff- J: SM©a!tfM*t|C J: 9 <> i 9 ^> 
[0019] :i«3^^t»Jife!t l6*oia«^> 

[0 0 2 0] 
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[0 0 2 1] 

n <D&mr~At) £ ftlH® £ ft 6 -^<£> y x«Mt 
[0022] «rie=*fT^i«:Kte*ft-c* 
[0 0 2 3] *JSW«>tt^«F»lc J:Htf, MCBM^« 

[0024] *%m<D{&<oftm\z xti\i y fftmmmn, 

C3*T^i- 5 «** fc ktCXoX ZtlZtl® 

[0 0 2 5] *»Woftt<04«»»c:J:atf, ««as«!li, 

*«b*£, m<Dn<o-m<D?tjy*<Dft&i-z>Emk 

[0 0 2 6] ^gROttOttftlC Jjxtf , H«rtB84Pli, 

[00 2 7] *»Bfl>ft©»j»»cJ:Jxtf, flME&flS^tt 

[0 0 2 8] #fclflt±, ±&LfctftUJ*a=£5Wf-*"*J: 
[00 2 9] &%W<n±ft Lfc*H**:rt"Cft < tew^fa 

[0 0 3 0] 



(4) M2 0 0 1 - 1 8 9 6 8 4 

[«W©IH6ojgJB] SBSojgJSi. CDM 
A + Ax JbSlHiMMS E<0«£\ M = A + A+ g 2 I 

^TftrtJxtfft&fciO rt\ T4*>&a> [kx 
K] (0/n^ft^!l yy(Toeplitz)^>T^-Cfc6 

[00 3 1] Clftli, tf^iJM<50^^^^>>v? 3 >k 

x k£>7 p y * (c:^fc^/u-y{b$ftfttf , nmM<n 

6^py*ICfcSffli*ftSo 

[0 0 3 2] H2irggigLX, ftmA (U = C (M) = 
C ( A + A) *\ £fcteC (A + A+a 2 1) OV^-ftl 

- £ left*. 

[0 0 3 3] B2Wo<1?fc5^, fiWlUttLhH 

fttfW-efcSo lot, ^ft^to&^fcs^py^w 

tTO^ail^-f^ ysJsV [K, K] ^nJRtr^JwSS 

tf, lixttf^>y3> [K, K] f7>'>ft<£i>-o 

i:, &^Xni&tlZE\<r>—m<Dzfn -y^«tSf 
^>^3^ [K, K] ^fST'O"^ i *>li£A/ 

^cop + i tfrhtez* (p + i) th *«a_-ctt«-f-s 

*>£ 0 lot, i2T^f^t«t5 0 i"ft;b^ i 
SN-P+l^i^ Ei= [Ui,o Ui.i ... 
30 Ui.p], i>N-P+KD^# s Er= [Ui.o ... U 

[0 0 34] Ptt(l + (L-D/Q) 05»a»»-e 
fcS^irSr^-fri: left*, 

[0 0 3 5] £<b(C, Hi0>:/p?£Ei0flllfT4>S 

5 - k t> -5 r £ : L ft ttfttf ft h ft t \ 
[0 0 3 6] y?U\.v<D7uy?9\m$Lpmm 

9W6^<t ^ajs uftim^ft bftv \ r oan«>» 

i - 1 . p a n . « Cfir t ?m») izttfc-t Z>tmb 

[0 0 3 7] yDy^liiTI^lc^o-rt^, ua> 

J-Rissanenii ra^fcr^-^ftflroft^J > 1 9 
7 3¥l^, vol 27, n-12U 1 4 7- 1 5 7^1: 

mmc*>zfimx'P>^x % *v 

5(? xi>x*J&&frtzffi%-tZftmk{,X, 
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fOO 3 8] 13 2 <off**«m-* -ft<b 

i.p (pttO £ P<D&g) b'7*y?\J\-i.vffl<nm*$'t 

[0 0 3 9] *«^tt*»Wt-w»tt^*<5v^r^ 
5o *»Hrt*fciai»^Ufc*#tc*:#^ (Mitt* 

N#6 1 £ 9 7 6(0HJ % £fcK#lJ&»b 1 6<Dm\^L 
1>UMTS-TDDW^) *y M7-*<£>J: 5fti§f§ 

[0 0 4 0] lot, *«WttKa*|6}t?fTWU^«-J( 

»O^T-ffiajUlc*#i&*ft5. 
[0 0 4 1] lot, ffMUfctfWf 5fc*0*Mi*>ff 

r, *<ORa«rBB4&-J'5}5\ *fctt i "/p y 

iC, fgft i (Oftfrb j = i + 1 j Wf&COfTiC 

Mil. B*J:Ofc'hS*t*ttf, i^n y ^eit*^->7 

$iM<%aafta. 

[0 0 4 2] aWTtS-eW^, Zlffi*ftLiyn 
'>fti*g\ -£JifTi*ftS^#-fc* h«r«9lfc4jKSf 

[0043] Htttta»*n-c«iJB ^«Sft»* 

6>ftt\ 

[0 0 4 4] XtfcttKflft 1 £fttt, ffWU 

^coJE^£Off^-fe-y hEi0>H*a B .»£, -frtyptofH 
<Oft<Diz*, hEi-iO#l6i-6K*, o*f3ffi«O^K? 

[0 0 4 5] #Jx.tf v r.WS!pft«:, -^ftl^T^CO 
p * * WSaEWfTW-t 7 hEi a n. . £ % ft&#lC:fc 

[0 0 4 6] m£0yfT<O±y hEi©»ian..i 1 mi<D 
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[0047] ztib<n~o<D%&\a3\,^x* mtm* 

[0 0 4 81 83 wW»lSW»*ltS<5<*«W 
[0 0 4 9] '/^Kl l^Ty^fcot i 

[0 0 5 0] ^x^^2(C4o^-C. -^CO^P^Ei 
^^■COSgRrofij5«Bt»*iX-5. *WS+6firtt, 
^ 3 3 ftfc»Brfc *> v vCffiWU rt KSEiS $K5e 

[0 0 5 1 ] ^xy^4|w^o^X, -ji^yp^^E 
i-i 9. EfK&SBI^ibftS^ta 

[0 0 5 2] ^ryy5l3^t, £ffitf)|PlgC i #f@»D 
20 £ft£. 

[0 0 5 3] ^T5/^6^V>T, SfjS«S Lfc 

RHKaw^-cti-jjsft*. 

[0 0 5 4] ^fy^7l:*J^T, ^<^1MS^\ * 

T^i t»*it l r vtm s ftfc rib s . i n fc jttt $ ft 
(*>*vHifflfflWttttKK (»»*» 

S80lBKJcH1-5ft3fea«jtfT$ft*. ^5/^2^ 
tT«rth»-r5fc*l-?ISIItT$ft6*\ feSVMiSlfijfi 
J* £ «l^y7 ht*fcftff)XT^8 A* Jtf? S ft 6 0 
30 roKHHri-Sfcftic, yu-^»*tbft, tr^lucoS 
&mmW £ftfc £ # left* >T * BfrSft 

S w t icftft Lfcitfttf ft bftt\ 
[0 0 5 5] *«K^ftOfe*ttg|2-e^i-C.i:35«-C 
jth (j#@) tol?*»b, Zg^T^ft^f-Tfc^U 

^C0^T<D-t^ (^77^^) asp^P;/* J:»)'>ftV> 

i^^ifeft««l9e^ft5. 
[o o 5 6] ?m<r>WM2. **»»«2^j:fttf, r. 

<os*<eii3iff*ftfcsaiH]tt-c*i Q lot, r^Mii 

S(*fift LJcif«^ftRfa^fi*lsIft*c^j;E-t'6 B 
[0 0 5 7] i4ll ^isffio^2tc>pru;-r57P- 

7* #E««>«Eitti^ ^r^im^^n 

[0 0 5 8] Hft^JBSS 1 ftt«Bt«)»lS 2 ti N > 
50 lc#<aWfttwe(ift<, U*oLJ:K»fT1-*ri:j&S"e 
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10 0 5 9] m*X*^?)±(f fefcRWtt, ±Z#fT 
a«$ii5ii:l-tt«L«:»tixtf/ibftir\ Hot, r 



(6) ffl2 00 1-1 8 9 6 8 4 

/0 

So 

[(§1 2 ] #»Wo*fc&3tfrt* 3 u**^ggiJW»e> 

[03] ** w<d3us<djb«b i x xoxm 

[04] *»W«>3(M[©»ll2fcJ:«*ttfci:or* 
MW«BB] 

10 ansa, 20 3o*««. 
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